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Study on pollution risk assessment and impact factors of mercury mining areas
based on soil erosion model
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Abstract: To study the non-point source pollution (NSP) problem in mercury mining, this study proposes a new mercury mining area NSP risk
assessment model (MPRAM) based on the soil erosion model (RUSLE) and geographic information system (GIS). The model was applied in the
Wengman River Basin of Tongren, Guizhou, which as the case study area. The soil detection results showed that the soil mercury concentration range
was 0.13~2365.79 mg-kg"', which was higher than the background value of 0.07 mg-kg"'. More than 50% of concentrations were higher than 33 mg-kg’
which exceeded the regulatory standards for construction land. The average value of soil erodibility was 0.042 t*h*MJ"*mm™, indicating that the soil in
the study area had a strong erosion risk. The results of MPRAM indicated that the proportion of low-risk areas contaminated by NSP was the highest
(50.24%) , and the low-risk areas are concentrated in downstream areas. Moderate and above risk areas were mainly concentrated in the middle and
upper reaches, close to tailing ponds and abandoned mercury mining sites, facing greater risks of mercury pollution. Most human activities within the
watershed were located in medium to high risk areas, and rice cultivation was the main daily activity among human activities, which affected the
development of NSP pollution. The evaluation results of the model provide basic data for decision-makers to make decisions on human activities and
tailing issues within the watershed, and provide support for NSP control in mercury mining areas.
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1 3|5 (Introduction)

X 4 R V5 Y 5 3R B VT A SR ORI BN (T SCA 45, 2015) . 0 X KB R kG 76 8, S8 E 4R
e HEREE R Y REVRIGERS | UM R A B 5 Y R — R RRER I A R, R AR iR AL RRAE AT G R
R AR S (75 R ™ IX P V5 9 BT 0 PR ¥E (Woang et al., 2022). 7ER W FF Rk FE sk 84 & A4 ok 2 75 Y 1
(FEMG5245,2020) AE Ry R KRR X, S MR TL 4 T &R DG 24 s PR B 3 i T 7™ d 75 4, Horp
PUARAA™ T3 L B35 Y 1) B e (A5 56 78 (IR AR 45, 2020). J3 LU SR A i 18t B 14 R 855 ) SBUAT 7 JB W 36 24 3tb T 1R 1
A R SR AT X ) IR B 15 Yl 5 KRS DA F 5% 6 0 X R85 114 46 S0 R 214 ) felt R A s LA E B L
(XI#7, 2022).

R R AR AR, DL = R I TER S S B R M B AVER T, S ReEE 1 B R0 Y AT 5 A
b R T Y KRS (BEET 95, 2020) . A% 0 0 H 4 Ja A 5 U5 2 RURS: PO 5% 9 25 2 A0 48 IRURS: 48 B0 A A
B IXURE A, ZE AT 2 1 R v A A 0 B A 7 0T AR TR A R 58 B R S o ) T I, O LA 9E 45 SR ) S 9 = 2
SR Yy B , SO 2 ST U B AR RS T T 12k (Feder et al.,2022) X6 TR X B R A 305 e 4
O3 A KRB P IR AT P K . 4R AL (RUSLE) F 20 T 20 88 H Lok, — B gk FH 1 F0 RAF 5% 4 4842 1kt
[R) AL 2 A TR AR G b S BT AR O T AL A () A PEA R A B SR BRI T S KR (Alewell et al.,
2019) . AH A ¥ K (R BAR AR PR T T 42 4 A T DR LA SIS B 1 35 T M P A 8L R 48 (GIS) A PR B AR A 5%
fif PR — ) (BRI 545 , 2018 ) . GIS FE A a1 2 o] Bt A8 BRAN 61 I R 1, A0l i P55 ek o v )32
o O RE B4 | 20135 RACF45, 2018 B M6 4E, 2023) , (EA /DR I ToR 0™ IX . B 2645 (2012) X BN 44
A b DX SR 3 AT R I, - R X OR A RS 1) Fo AR 3B B o A v S AR K AR il R A M 3 B Y 4
R AT R R R TR R A AR A R T R IX Y5 Y B K R S A TR R AR K T B
B N2 T B A5 AR A 3 S7 S 38 0 OR W DXT5 G AN O ik BRI, JE 0k 0 XA 15 Y R R R TS G 3 B 52 1)
K, DL RORE XIS B 30 UM | & R RN 58 2 kA0 DX 11417 Gl IR TP AR 80 bl A5 v b 2L

BT, AR LA K MO N8 B R TR b S e A e MR R LU
SN AT T LT DX PN T = TSR AT AT 4 B AR S R N A B R S, $R ROk
X1 575 G AU BPAN OB AL (MPRAM) . X 55 4 0] 37 3o 4 398 5K 1) 25 1] 20 A3 5 AE 2R AT 434, TR B, #9F 9 37 4k
NG x5k 1 Gl XU (1 52 e 5 0 . e Jo AR B A TS 25 R PPAN 57 2 Tl Iat ) SR ¥ G AU, LA Ry i — 20
FIPRBE IR LS AP SRR 2 AR A0

2 ##5 A%k (Materials and methods)

2.1 MREXHER

A B R A R RO AT, B 1956 SRR IR A0 ™ i 7 2 4 [ 7 5 1Y 70%. AR B 5011
TE R BNl S PR 8 R VR BE B R, R BOY b RAFAE R 22 58 XU (Li et al., 2009). BT, 85K 435t B4 1)
PRI [F) R AR AR i R . A R 28 B 55 = T WA B 5 X (I 1) S B AR 20 41 ke, ~F- 241544 294 600
m, i F TR R 1071 m, SRR 250 m. 55 S A Sl S Hy 2 XU AR 3R 15 °CL Bk i
1200~1400 mm, 75% FIREK T AE4—10 A B F2O08 4 201 Ak B FUKAE L, BF9E IX ARG
STz 8 H L TR I R IR K, 15 e B Ak 2 R A AR
22 HmRESNE

TES S EGE ST A 05, LA R T Y M IE M A E 7RI A M X A 15 T 29 S -4
PEFN 16 47K BE A (I 1) R i A SR A - A s A2 ) 20 10 m? N, e B 2~3 A - 350 T, 351 TR VR A 0~20
em, RAE TR G HE G BRI 1 kg, T8 48 P 286 SO AF 0 T AKRE (9 SR AR < FE KRR s A, P It ik
PR IXBCRAE R R ] 0.04 pm AYREREHEA T8 08, 3 RS AU ZKAE A B A T T At i (1~275)
FIHER R , T 4 CHIVKAR PURAE . T A RE SRR T 2022 4E 8 H , 3L S I 48 bR o 5 ki A2 A ALK LR,
KRR PR LA SOk
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Fig. 1 The location map of the study area and sampling points

J by - S i 22 X I a0 b PR o RSP T ARG F A . b SR AR A SO BE A
A 5E (Mastersizer 2000 % ). R HI#A b 80 A0 12200 22 4 584 HLAK & 5 . T3 FI/KFE Y o & 5200 2 2 IR GB/T
17136 398 Jo dat A o BRI 2 -4 B 1 WA o DI 06 B 325 ) A HT 597-2011 KoK it A 7R B4 1 2 - 14 D I Wi ot
SERE L), BHER M R 2 SR PR IBOE IS (CVAAS, F732-S B, v ) 52 , K FETR F g 2875 R T2 64t
JERETE(CVAFS, Tekran 2500 B1, i) W AE . 43 Hrad Fe v, SR AR 28 11 3 AN PATHE Sbn vERE i 647 T 6
Pl SCE K K R s L
2.3 HiREHERAE

500 48 B B A S B S B MO 5 5 55 47 4 MK B (http . geodata.cn/)
(2001—2020 4% ) K7 e BB A (DEM) CH =T Ak AR A Jey , 25 18] 50 BE 4 0 10 m) AE — £ 22 5 R HHE 2
(https : //www.gscloud.cn/home) (2014—2022 4F ), LA K AIF 5% DX A9 A A 2% & T CRRA i el R AT =) s 303
B 32 A4 SR AG N AR A 10 T ERLAR (VKL B RL REORL) | 33 BLak | 130K & 45 AUALE Bl A GIS
e %) 72 )4 (5L ol S BE B INASAEG (7 (IDW ) BAS AR X 0L 19 25 18] 43 A1 O 12 T (181 2).

2.4 BENENTTE

BT RUSLE B8 (Fu et al. , 2011) Hh 25 &Y 3R Dl BRI iR DA 3R, AR SCEEST 1 — OB AR 4 [X NSP
IR PTAR 772 MPRAM, HAAR L (1).

MPRAM = > F, x W, (1)
P, n A S DA BB 3 F by s PR KURS 8 880, AR R K P L NS T Bl MR o | ST = bl |
3G Y 6 AR PR 5 WO BRSSP T AR, TR S AR RS B (BR SR 1L 4F,2019).

ST B AN 5 ) PR S — B A A 22, 6 R IR 2 B AT U — A A e i R AR
(Moghaddasi et al., 2018) , A= LA (2).
o= max{xi/} - xij or xij - mln{xij} (2)

' max{xij} - min{xij} max{xi/.} - min{xi/}
X, r B2 I AR SE R 5 o, RSS20 R O EE A L 5 min fa R max {93 510 A 51 B
PR 1) e/ IMEL I B RAH

ST AR B T — M S 2 WA 1 D7 vk A TR S AR OC AR A B AR . A AR OC R BB i A T
55 HA S i PR 7~ 22 ) A M OC FR B, FRos i PR 1 EE A A RO 2 AR o BTG L LA DG R O 134K
Ve 280, THRAS B R R - AR, B TSR AR ) W= (3) AT (4).
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B2 TREHBEENRGEE
Fig.2 Auxiliary data and field data of the study area

(3)

W = — (4)

A, R IR T HIRCESS 5 X 0 X PR 2 X T AV RS , X = mean(X).
25 REHmETF
251 FEKETF(R)  FEKE R E 2R AR S R a2 L, K sk, I oR: i i 78 8 1
(Phinzi et al., 2019). FEK R F 0315352 O B A = i@ i 5 88 0 1548w ), JAR L (5).

R = 0.067P}% (5)
Ao, R AFEKHF (M) mm-h' -hm?-a™) ; P A AFE-E /K & (mm).
252 HEETF(T) HIEHF ()RR FS) MK KT (L), IE W7 F 25 b £ 2R s
REJT, MU B AR 1) 722 Ak 25 52 e 381 + e R0 (1) 3E RS BB ) (BEIREER A5, 2018) , 3K PR+ Fip 2 A F-3d ok =X (6) 11

H(7)iHEAS 3.
A
L= ( 22.13)
mzﬁfl (6)
- sin 6/0.0896
3.0 X sin™* 0 + 0.56
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10.8 X sinf + 0.03,0 < 9%
16.8 X sinf - 0.50,9% < 0 < 18% (7)
21.91 X sinf - 0.96, 6 > 18%

A, 0 ML AT IEE s m R T A JBE 280 o0 A1) = 1l 55 2 0 A Tl ) LA s 2 R 7B T 1o b A AR
KEE.

253 EEBEEETF(C) AHEEE ARG R T RO, B nT LG S0 r e i K
(75 S (545, 2022) A8 B o PN il i 3 (8) T AT- I

S =

2XNDVI} (8)

C= exp|: T NDVI
A, NDVI g A — A0 22 At i fE 4L
254 TEAEMETF(K) HERHBAFERE T R R MR DRI RE S, W RR OBrkL BRI
A BB Y TR S3 S ETAR ol R AT 5 DXC BE  E (E EAHRAR BRI (9)
(Sharpley et al., 1990).

SIL 03
K ={0.2+0.3 X exp[-0.0256 x SAN x (1 - SIL/loo)]} X (M) X {1 _

0.25 x OC }X { 0.7 x (1 = SAN/100) } o)

1 —

OC + exp(3.72 = 2.95 x 0C) (1 = SAN/100) + exp[-5.51 + 22.9 x (1 = SAN/100) ]

AP, SAN S - 3 A R ) B 5] 5 STL A 4 38 Aol b 1) HE 491 5 CLA 38 v 2R G L 1] 5 OC Sy - 3 i A LR
T
255 ANEFEZFHEF(HA) AEAYFHR@EZEAT ORI A E LR EURRKER , mAZRE S5
AR AR ) B R A A AN [R] S gEAT RAE, fE HRIR S A B T i A
B WA 5 . 2% Kumar 28 (2013) FOBIFSE , XS ] 3 i A7, HAAR W35 1.
25.6 TESEWRERTF(P) TIEBRNTFEELZET BB RSE, B AR 8 UE0R S A E
TEAE , 2ot Frp T (ZERIN 25, 2022). 3R 14 23 1] 43 A1 5% B 1] 32 B0 o+ 38R AR S0 1Y
s BT SO B A T (IDW) (A5 2, (845 B 1925 18] 5045 RERS S Wi X0 33835 Y o, 5 B0 e
NT] DX 3l ) 75 G XUBS: i R/

F1 AEFEHEFHER

Table 1 HA factor assignment table

iy T H 2 A WA
Lt TEACMR I R At 84.51% 0.2
K3 T K 0.45% 0.4
HEAR AN T b T XS 44 FPE DORURR 3 FH SRl a3 B AR 152 it FH b (e F 5.49% 0.6
FAt A it 9.47% 0.8
SR X SRV R L 0.08% 1.0

3 ZRF1TiL (Results and discussion)

31 TEREEHNHHIL

F2 WoR TSR X 48 ROR & 0 KGR, ol LUK IR, 3N B - 50R & 8 K F M. o THRSE
TR R NS IR A 520 X BRSPS T A FH b - 4895 e XUBS: 45 il A ) (GB15618-2018) Hh el
JH Ml T = 858 B 1 o A (R 18 FH b = JE A5 I i XU 92 il B ) ( GB36600—2018 ) 35— S FH i
O A3 T, rh /DNy P A B 7 T A T 55 ) 1) 0 30 0 AR A8 SR (VR o 0 Bebm e, 0 38l 43 6 4> 2 1 IXC T
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BER R, 12.29% B DX R 5 AR TR FT AR ME B A AL (6 mg-kg!) , IX AR WAL i 45 TR0k 3%
S XIAR A, EE AR TP AR T I O S MY

ﬁrﬁ% i,jl—ﬁ {E (8 mg* kg] ) A ﬁg& ﬁl:u {E (33 mg* kgl ) Zi‘ M ’ Table 2 Soil total mercury concentration zoning of the study area
i 50% 0B A BEAEAFBIHDL T LRI ————

M HEE S EAOLIE S BN LHARITRAY (pery VR RO OREE SR

R2 PREXIFEEREESEX

SEME AT L2200 T RMEL A R B X, SR T 0~6 5.60 1229%  FUAMK Al
BT 5 i B DA R BB, HIRIS B 68 200 aas% FUHBK BRI
PRI S KN B R KRy, 8 M3 ronE R R
", N N W S ey - ~ . . 0 T Hb %
LUK AR R T R ey ey T e RS
~ : 82% i IEEST

N sl WEVE YU - 438 B A 4 T ik A Ny

WAETTRE, LIRS R LI RO TR KTIN _  ase bk s

(R PR E A 25 B A 4 A o L
32 LTIEF[EMME

A SR 5 R L3 3, S5 R BN 7 R IERCRIAE S b R G S B TS B, T EE R
54.85% ; A AL AE A5 s AV () SF- 35 5 100 2.21%  BP R ARG B i 76 20% DL L NAE S REORE , HHERRE
S YR 7 LB R T ML I 8 5 R B R (124% ) , 3% W] BE FH T i dsk 9 A4 4377 119 2 ) 22 S5 1
JITES, 553 A HEA o FBRESIT , (875 398 A ARG 75 i A ALK . T 2 i ) - R AR S iR (9) 115
15 BAIF 5% X0 £ HEw] 42 kM (K 197 35948 2 0.042
theMJ"-mm™, 1% 45 3 5 808 &0 0 58 40 L (Dai et
al., 2013) . ALFEABIFFE X B R 331 Bl 2 5 R )
WG IE S22 i Bk - g H A 05 1 R TR AR, 32
5t DRI P 18 im 2 T E E 05 e AR RS L RIS
XA R TG YT B I O, PRIE , BB () - SR R 2
20T 3 30 1 s A AR el 1) 3 ) 43 A 4
AL DL A ] {2 phoME R I 9T XA 2 B ) 25 ) 22 5 1k
- SRR Pl U A 2 ) S R IR - i - i T A S
Gy . SRRl Y R KAB B A A AE b X

T TR I i b DX ST T SR T R T )5 o AU E3 %8 hE tETe s Est
&Ej( . WET%:‘:H I éLl\ E@iﬁ%ﬁ{%fﬂ‘@%?@ﬁi&@ . Fig.3 The spatial distribution of soil erodibility in Wengman
VE R sy 10, 3 X ) F S LR A A 22 200 River basin

F3 TEVMAR BUBRMEREE

Table 3 Soil mechanical composition, organic carbon, and total mercury concentrations

— SR IR AL ——
+ 38/ (mg-kg™) IKEE/ (ng- L") kL b g ZHKL
SF-$h % 119.26 29.67 20.60% 54.85% 24.54% 2.21%
E 0.72 12.89 18.92% 57.12% 24.38% 1.39%
I/IMA 0.13 2.14 6.17% 32.46% 6.71% 0.26%
KA 2365.79 240.01 60.83% 62.92% 39.47% 13.16%
PRz 462.04 59.24 10.20% 6.56% 6.34% 2.74%
s 5 Z AL 387% 200% 50% 12% 26% 124%

3.3 RITEREIEM

ARHFFEHE T — AT T BRI AR R R 37 A 2% A0 R A A RS Y KU BEAR 7R 2R (MPRAM) , TEA 45 5%
WK 4778 . 27 Chen 55 (2015) W5, (8 FH 2067 B0 AE GIS F- 5 X AN 45 R b AT T 500 25 P 55
Geor h SAZI(F4). R R A48 1 W XU X385 e R 50.24% , 2 e v R B X, % F R Ui i X
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IR ER 73 NS AT, SR A ¥ e KU S M 5 /0N . e 25 B L b XU X3 5 G 49.76% , T 73 L T H DX A XU
PAErp A LA L X AT BE S RE AT LA DX AR X 5t B A4 75 Qe o AR B A 0% 1 X Y N 2R AR T e 2R
GEZ) R B I 5 R G N o 2 <10 o R TR W B DN v =S = BB S T DN S ) -
T Y DX A, G b 30l DX, R B ST A9 N ST Sl 52 3 i 04 TR S S KU 1) T BEE 23 Bk — 0 e v
DB AT AR, b i b X DX 3 B ) i
ity S D, b XN A T R 2R A DG 1Y
Tl T AT AR AR PR I Y SR

T4 HRARKRSERNRITEZERSX

Table 4 Risk assessment level zoning of mercury pollution in study area

IR 55 2% SRS (B el TH A /km? it
I S it RISz A6 5 %) e il S B 72 L DX 1Y) A ) A I 015209 5 0.24%
FREERZ M NS B AT, U LU X 1 R R i 0.25~0.30 13.66 92.68%
el =2R R S S P T A s o - (2 IO i D e 0.30~0.35 9.86 17.28%
R T B R TR S Y KBS A, PSR N S ST g 0.35~0.45 2.57 8.58%
ARG WA R |, e BUSCEE Tk P 3R B i 4y P 0.45~0.62 0.18 1.22%

ATE L, By T AR S A 75 e Tl AR A HH B

M4 SEMRERTRRRFHEER
Fig4 Risk assessment results of mercury pollution in Wengman River basin
34 ARBRRES XK RT3 LS T
T BT VPR AL FR 28 R H 57 Y SRR £ 3 AR VR B 5 X L T 7 T I 3l g XU 2 SR AT T 430
A 9 AR AL 0T AL S 23 A 5 SR AR S T 7, 7 T R 2 S GIS 9K SCT BB, e W3 A
W14 5 A A3 3 i AR P T [R] AN G [R50 rofly 7 e Ak L KO S AR v A 5 T
(P 1) ey, WO i SRR (B % 1 J4 Fil i DX (W03, W05) , WOS . HY BT [RRE (i 0 , 1l B2 ot Tt 1)

5 K#E SR EX M E/NRESS

Fig.5 Distribution of water sample points and corresponding sub-basins
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GIS 7K 3C T H AT i 33 7 aod At oy DXIGE T ) i 22 38 180114 WO T 57 T 557 22 T e Sl 5k 4 FE 40 26 B3, 32 %)
B AR ( REN  Xof IO (14 DRSS (LRI R MR B 8y T A sl R AR, s e 1 iy SRR &2 1T
g, SRR TH i T BE-S T 17 o DX A A0 B8 ) N DT Bl A ¢ . X FE KRR B Rk B2 A7 3 R0 XU (.
RN — B A S, — R WP R R B 25 SR AR AT 5T DAY I A I e L AR T 24 AT A 6k
TGk 58 B % L8 B I I L X T Y Wy as B e XU 9 B 52, IR R E o A 1) 2 A R B R A 25

B S HTFFEAF R A A A8 5835 I s 7% R R A A AL AR SRS A SO AL, RE BT 4 SR A v Af

GEIET=N

E6 KEERRESKERITENTLER

Fig.6 Changes in mercury concentration and cumulative risk values in water samples

3.5 ®EFSH

AR DR300 TR RS AR R BT RR S SR DL 36 5, AL A 45 2R s , MPRAM 578 Hp 2% [R5 1) BT ik HE 1Y A
TR 55 1 (C) > S Qe I 5~ (P)> AZET5 B A5~ (HA) > 3R] 4Rk R 5~ (KOS HIE R 7 () >FRK IR 7 (R).
Fovp, el AR p PR A0S Gy B 4 SRR I8 DL 3.1 19 F0 3.2 795 AR WO o TN T ZE A T A R b T o L A
1 (22% ) AT TE X A RLBEAT 35 R IR 2 1 85% , 2 00 i DX A TR B A PR 47 22, M B i DX el - R 11
IR RE S/ N T#REEHLIX (Eckley et al., 2021) , 3% FWIBIFFE DX A AR A o HI 0ok 17 75 4 1T 75 4 XS , [+] Pof AP 4
XF 3O A LB AR 2] T AN AT Z VR (Su, 2000). A ST Sl A5 e fie i BRIV 52 0w R 7, 161 7 245
7R, NZEE SRS 0 )32, 70 b I e XU DXt A7 B 8 35 SR . e 2R sy 7 26 v, KA
FiAEL o dl 1 Ry, KA AR A ) AR A B i s SR AR YR T ORAER G AU, 3X 15 Dai 55
(2013) AP FEASTE AL . NS0 g 2 2008 1 S i p PR o, Aol 2B 7 il e I LR IR T R S
Ay AL 7 MR TR AAE 1 R AE RS A IR T N (Wang et al., 2020). 25/ 89 A& s A 73 A 9%
T TR A TR T A A, JE IR 1 T 3t DX B A3 31, K — iU{ELAR DRSS ST RIS T 5 IX 1) i R e
BIF5E DX L 30 AR AR RS, TS 905 TR 45 XA o

SEIE AR SRR DX, LR 0 ME AR AT BB 5 AR TR ®s5 SRFREASL
(g NSP XU, T 37 4 X (60 T 37 00 4 1 s 2 Table 3 _Proportion of each factor's weight
IR B EE 8, IR BT ULE ST T M X5 e PRE HAAR na
TR (Wu et al., 2016). BIFFE X 1 4E [ K i 23? 21?
B RV A G RIS M o R B ) o .
FEKAE N EE TSN (Senanayake et al., c 021 0.22
2022) , 7EWF 5% X 52 B bh P b 1) R B 2 0 A9 25 1) HA 0.26 0.18
A, R XA SR X 5 Y W) i 1 A4 500 BH i P 0.25 0.19
JN3HE T NSP & B / !
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Fig.7 The distribution of residential area and paddy field(a) and division of human activity lands(h)
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